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ill 


THE  COMBUSTION  OF  THE  SALTS  OF 
TETRAAMI NE  COPPER  (II) 

V.  V.  Gorbunov  and  L.  F.  Smagin 
(Moscow ) 

In  [1]  it  was  shown  that  the  combustion  rate  of  amines  of 
copper  (II),  nickel  (II)  and  cobalt  (III)  is  15-20  times  higher 
than  that  of  nitrates  of  these  same  amines. 


Investigated  in  this  research  work  was  the  combustion  of 
complex  salts  of  tetraamlne  copper  (II)  (TAM)  with  the  general 
formula 


where 


ICu  (NH,)jj  (An)., 


An-BrOr:  C103‘:  CIO r;  .MnOr;  NO F;  NOT  «  JOJ. 


Complex  salts  produced  by  the  method  similar  to  that  described 
in  [2]  were  also  analyzed  for  copper  and  ammonia  content.  The 
charges  used  had  a  relative  density  of  not  less  than  0.90,  and 
were  pressed  into  plexiglass  tubes  with  a  diameter  of  7  or  4  mm. 
The  experiment  was  conducted  in  a  bomb  with  a  constant  pressure 
in  a  nitrogen  atmosphere  under  pressures  up  to  100  atm(gage).  The 

Translator’s  note:  The  complex  chemical  compounds  listed  in 
this  article  appear  to  be  ligands,  and  the  term  "amine"  trans¬ 
literated  exactly  from  the  Russian  could  actually  be  "ammine." 
Also,  the  chemical  element  J  in  the  Russian  is  I  (iodine). 
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combustion  rate  was  measured  with  a  photorecorder.  The  thermal 
stability  of  the  complex  salts  was  estimated  according  to  the 
delayed  flash  time  (t  of  an  0.05  g  tared  sample  at  a  tempera- 
ture  of  280°C. 

The  experimental  results  and  calculations  of  the  heat  and 
combustion  temperature  are  presented  in  a  table  and  in  a  figure. 

I 

i  • 

In  the  investigated  range  of  pressures  the  highest  combustion 
rate  is  exhibited  by  the  bromate  of  TAM.  At  pressures  of  20-100 
atm(gage)  the  chlorate  and  perchlorate  of  TAM  are  close  according 
to  combustion  rate  and  are  second  only  to  the  bromate  of  TAM  in 
this  respect.  The  bromate,  chlorate  and  perchlorate  of  TAM  burn 
at  atmospheric  pressure  at  rate  of  3.0,  1.8  and  0.6  g/cm  ‘S, 
respectively.  The  permanganate  of  TAM  begins  to  burn  at  8  atm(gage); 
at  higher  pressures  its  combustion  rate  is  almost  one-half  less 
than  that  of  perchlorate.  The  nitrate,  nitrite  and  iodate  of 
tetraamine  copper  burn  at  a  considerably  slower  rate.  Only  the 
nitrate  of  these  salts  burns  at  atmospheric  pressure  (u^  = 

=  0.7  g/cm2,s);  nitrites  and  iodates  begin  to  burn  at  15  and  10 
atm(gage),  respectively. 

An  intense  flash  with  a  sharp  noise  was  observed  for  complex 
salts  of  BrO”,  CIO”  and  C10j|,  a  weak  flash  with  a  dark-red 
luminescence  for  Mn0]jj  nitrate  and  nitrite  of  TAM  decompose  with 
a  release  of  oxides  of  nitrogen,  iodate-iodine  vapors.  The  most 
stable  is  [CuCNH^)^]  (MnO^^,  which  at  normal  temperature  decomposed 
with  the  formation  of  a  loose  residue  consisting  of  CuO  and 
Mn02<  Apparently,  the  decomposition  of  this  salt  also  occurred 
during  synthesis,  as  a  result  of  which  the  purity  of  the  obtained 
product  turned  out  to  be  low  (95.5%). 

Based  on  the  combustion  rate  the  studied  complex  salts  can 
be  classified  into  two  groups:  rapid-burning  -  with  anions 
of  Br0^>  CIO^,  CIO^  amd  Mn0]J  whose  combustion  rate  at  100  atm(gage) 


FTD-HT-23-1223-74 


2 


Heat  of 


0o082 
^  s  ‘tfeEi 


(  stfeld)  uiqe  001 


3 

C 

2 

£ 

r 

•p 

n 

.p 

C4 

1/) 

•  U- 

in 

-fl 

in  in 

N 

in  in 

4> 

►J  rH 

2!  H 

rt 


s.  uio/3  «mn 
2 


«o 

9 


S  55  2 


to  -r 

—  o* 


s 

©* 


ajnqeaadiua^ 
uof^snqiuoo  *o-[eo 


5  to  5 

—  ~  to 

M  -  - 


to  in  X 

t -  o  *r 


I 

CO 

3 

”9  c 

e  o 

O  -H 
CJ  P 


O 

L* 


s  in  n 

i*  i.j  •- 

c  f 


£  tr  to 

o  m  c4 

C  —  M 


axoui/xaon 


3 


% 


x  to 


3  S  5 


x 

*8 


C 

o 

•H 

P 

O 

cd 

a; 

t, 

c 

o 

•H  C 
P  o 
co  p 
3  P 

x>  <d 
E  3 
o  o' 

O  <L> 


aXotu/xBOJt  U0X4 
-euuoj  jo  ™"v- 


+ 

n 

X 

*» 

7  J 

C*  C 

«• 

g 

+ 

*• 

L_  — 

j2  u 

-  + 

X  -?  Ot 

c*  c  p 

i  |  s 

CJ  +  to 

to  p  i 

s  o  + 

C 

N 

X 

-** 

ft^ 

N  « 

+  z 
n  Ct 

S  + 

£  c; 
S  - 

Qi 

c.2  Q.S  =7 

-r 

+  + 
p,S 

T 

rF-  S 

_  •J- 

•j'u'  ’v'u  4-—* 

-t* 

+  +• 

w 

w  W 

w  £1  Vw 

II 

li  1.  II 

II 

ir  ii 

« 

S  !j  5  I?  ®  ej 

—  —  p  o'.  —  —  Si 


*'4M 

‘Aqxand  qonpojj 


p 

rH 

cd 

co 

o 

43 

P 

Ct 

O 

cd 


c 

X* 


X 


L. 

x" 


to  to 


e 


© 


FTD-HT-23-1223-7^ 


3 


•The  enthalpies  of  the  formation  of  complex  salts  (apart  from  nitrate)  were 
determined  by  the  method  of  comparative  analysis  based  on  the  AH  of  formation  of 
a  complex  salt  and  the  corresponding  simple  salt  taken  from  [3>  4]. 


p,  atm(gage) 


The  dependence  of  the  combus¬ 
tion  rate  of  salts  of  tetra- 
amine  copper  (II),  on  the 
pressure,  a)  rapid-burning 

anions:  1  -  BrO^,  2  -  Cl , 

C10]j ,  4  -  MnO]j;  b)  slow- 

burning  salts  of  anions:  5  - 

NO",  6  -  NO^,  7  -  10“ . 


p 

falls  within  the  range  40-16  g/cm  -s,  and  slow-burning  salts  - 
with  anions  of  N0^,  NO^  and  10^  whose  combustion  rates  at  this  same 
pressure  are  1.5-0.34  g/cm2*s;  that  is,  by  1-2  orders  less.  The 
indicated  difference  holds  even  at  lower  pressures. 

A  comparison  of  the  combustion  rates  and  computed  combustion 
temperatures  of  the  rapid-  and  slow-burning  complex  salts  indicated 
that  the  latter  have  a  lower  combustion  temperature.  The 
exception  is  the  rapid-burning  [CuCNH^)^]  (MnOii)2,  whose  combustion 
temperature  (1500°K)  is  lower  than  the  slow-burning  nitrate 
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(1750°K).  It  is  obvious  that  in  this  case  the  lesser  combustion 

temperature  is  compensated  for  by  a  significantly  higher  oxidizing 

action  of  the  permanganate-ion  (or  products  of  its  decomposition) 

in  comparison  with  the  nitrate-ion.  The  thermal  stability  of  the 

complex  salts  does  not  indicate  a  substantial  effect  on  its 

combustion  rate:  in  the  rapid-burning  group  there  are  unstable 

salts  of  CIO^,  BrO^  and  MnO]J  (T3afl  of  less  than  1  s)  along  with 

stable  perchlorate  (t  of  about  40  s). 

3  3  A 
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